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http://dx.doi.org/10.1016/j.joca.2012.12.012In the research of complex diseases, such as osteoarthritis (OA),
there is a high need for screening models that mimic certain as-
pects of normal physiology or disease processes, and can be used
to study the role of speciﬁc proteins used in drug screening. In
this ﬁeld, there is always a dichotomy between simple systems
that are easy, fast and cheap and complex systems thatmore closely
mimic the actual biological condition but that are difﬁcult to han-
dle, time consuming and costly. The spectrum of OA disease models
run from simple in vitro systems with isolated cells to multifarious
in vivo systems in species that are closely related to humans. The
simple systems are easy to manipulate but it is bold to extrapolate
conclusions drawn from these systems to the actual disease situa-
tion. In vitro systems are not equipped to study the intra-
organism level of biological interactions. On the other hand, results
from complex systems better imitate the real disease state but are
most times more difﬁcult to work with and straightforward inter-
pretation of results can be tough.
In OA and more speciﬁcally cartilage research, in many cases
cells are isolated from articular cartilage, either human or other
species, and in the case of human cartilage most times from end
stage OA patients. Chondrocytes are isolated using enzymes that
break up the matrix, such as collagenases, and cultured under
high oxygen and glucose conditions. It can be expected that cultur-
ing chondrocytes under these conditions will inﬂuence the physiol-
ogy of these cells and their reaction to external stimuli1. Even
culture of cartilage explants will result in altered responses due
to the difference in loading, oxygen tension and culture medium
composition compared to their normal in vivo milieu. However,
real basic cell reactions will remain invariable in both explants
and isolated cells2. To screen protein function in OA-related pro-
cesses there is a need for simple, rapid and relatively trouble-free
interpretable systems.
In this issue of Osteoarthritis and Cartilage, Mitchell et al.12
report the application of the zebraﬁsh (Danio rerio) as a research
tool for OA research. In their study they show that the spatiotempo-
ral expression of zebraﬁsh homologous of human genes in the skel-
etal system was as expected from human expression studies.
Moreover, transgenic reporters for col2a1 and col10a1 could be
used to visualize chondrocyte hypertrophy in vivo. As such, theResearch Society International. Puzebraﬁsh appears to be a valuable research tool for OA-related pro-
cesses. Until now the zebraﬁsh is not widely used in OA research.
Combining the search terms “osteoarthritis” and “zebraﬁsh” results
in two reviews and only two earlier research papers than that of
Mitchell et al., and in one of these the zebraﬁsh is not even men-
tioned. However, combining “zebraﬁsh” with “skeletal develop-
ment” results in nearly 500 hits. The latter indicates that
although OA-driven investigations are still rare in zebraﬁsh
research, research of basic vertebrate development is widely accep-
ted in this model.
The use of zebraﬁsh as an OA research tools has advantages and
disadvantages. Zebraﬁsh, in particular their larval stadia, are
already used for more than 15 years for functional genomics studies
and for toxicity studies for more than 60 years. In addition, thou-
sands of mutants lines have been created3–5. Furthermore, zebra-
ﬁsh mutants can easily be produced using zinc ﬁnger nucleases6.
Zebraﬁshes are easily to breed and maintain, have a short genera-
tion time (approximately three months) and can be straightfor-
wardly housed in large numbers7. The off-spring in one
generation of one female can be over 200 and embryogenesis is
very rapid, with full development of the internal organs in 96 h.
Another big advantage of zebraﬁsh larvae is their external develop-
ment and translucency. This is a big advantage compared to mam-
malian development that occurs in the obscurity of the womb, and
this feature has made robotic screening of mutants possible.
Many human genes have their orthologs in the zebraﬁsh and the
Sanger Institute started sequencing of the zebraﬁsh genome
already in 2001. The full genome is now sequenced and available
at the Genome Sequence Consortium. Importantly, skeletal devel-
opment, and more speciﬁcally the process of endochondral ossiﬁ-
cation, is similar in zebraﬁsh and mammals8. Therefore, the
zebraﬁsh can be a useful tool for genetic screening and target dis-
covery of skeletal development related genes that have their equiv-
alent in humans.
Although zebraﬁsh are vertebrates that show large similarities
with humans, major differences exist. Humans and zebraﬁsh split
during evolution about 400 million years ago and have had a sepa-
rate evolutionary trajectory thereafter9.What is more, teleost ﬁshes
have a fractional genome duplication, resulting in the possession ofblished by Elsevier Ltd. All rights reserved.
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especially important for OA research, zebraﬁshes lack synovial
joints. As a consequence, genes involved in synovial joint formation
and homeostasis cannot be adequately studied in zebraﬁsh models.
However, as mentioned earlier, cartilage and bone is present in
zebraﬁsh and consequently basic process involved in skeletal
development can be investigated.
It can be concluded that zebraﬁsh is a valuable OA research
model in a speciﬁc but limited perspective. Especially the role of
proteins and genes in basic processes of skeletal development can
be studied in this model system. Since it becomes increasingly clear
that developmental processes and regulation of chondrocyte (ter-
minal) differentiation play an important role in OA, zebraﬁsh
models can be a useful addition to the OA research repertoire11.
Zebraﬁsh models can bridge the gap between simple in vitro sys-
tems and rodent models but cannot replace mammalian models
in OA research. Application of zebraﬁsh models in OA research
combines the relatively easy to use systems with a superior rele-
vance, compared to in vitro systems. However, these models, as is
the case with all OA models, mimic only partially the multifaceted
process of OA in the adult human.Author contribution
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